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STUDIES ON THE VITAMIN B COMPLEX: FURTHER
INDICATIONS FOR THE PRESENCE OF A
THIRD FACTOR*
RICHARD J. BLOCKt AND REBECCA B. HUBBELL
Students of the vitamin B complex now agree on the existence
of two physiologically active components, vitamin B1 (B) and vita-
min B2 (G).4 From time to time experimental evidence has been
presented indicating that these two alone cannot account for all of
the properties of the old B complex.8 We present in this paper
evidence that a "third factor" is associated with vitamin B1 (B) in
a concentrate prepared from rice polishings.
Experimental
Albino rats of approximately 50 gm. body weight at 21 days of
age were fed the basal diet of purified vitamin-free casein 22,
Crisco 24.9, linoleic acid 0.1, sucrose 48.9, cystine§ 0.1, and
Osborne-Mendel salts13 modified by the addition of extra copper
and manganese4 4 per cent. This diet was supplemented by 20 mg.
* From the Department of Physiological Chemistry, Yale University, and the
Biochemical Laboratory of the Connecticut Agricultural Experiment Station, New
Haven. The expenses of this investigation were shared by the Connecticut Agri-
cultural Experiment Station, the Carnegie Institution of Washington, and were
further aided by a grant from Eli Lilly and Company.
tStandard Brands Incorporated, Fellow, 1932-34.
: In this paper vitamin B1 (B) refers to the antineuritic vitamin or aneurin
(Jansen). Vitamin B2 is probably equivalent to vitamin G (Sherman and Booher),
B. (Kuhn), BF (Harris), and lactoflavin. The "third factor" may be vitamin H
(Booher, Gy6rgy), vitamin BP (Harris), pellagra factor B2 (Elvehjem), B,
(Gy6rgy), Y (Chick), P. P. (pellagra-preventive), or some mixture of these
substances.
§ In spite of the demonstration'0 that methionine is capable of supplementing a
diet deficient in cystine, we have always4 fortified our casein-containing diets with
cystine. The justification for this inclusion has been indicated by the experiments
of Itter, Orent, and McCollum" who have observed alopecia in rats on a diet con-
taining 20 per cent of casein. The loss of hair was alleviated by the administration
of I mg. per day of glutathione, cysteine hydrochloride, or lactoflavin plus cystine,
but not by lactoflavin alone. For further discussion of this problem, see the papers
of Jackson and Blockl0, and Brand, Cahill, and Block5.YALE JOURNAL OF BIOLOGY AND MEDICINE
COMPARATIVE RATE OF GROWTH
A = 2.5 international units of alkali-eluted vitamin B1.
B = 2.5 international units of acid-eluted vitamin B1.
C = 160 mg. of liver concentrate No. 343 (Lilly).
D = 1 mg. of vitamin B2 concentrate from liver.
E = I mg. of vitamin B2 concentrate from protein-free milk.
Figures in parentheses indicate the number of animals used.
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per rat per week of a cod-liver-oil concentrate rich in vitamins A
and D. The antineuritic factor was supplied as the Block-Cowgill'
or Stuart-Block-Cowgill'4 concentrates. After a depletion period
of 15 days, the vitamin B2 preparation was administered during
30 days, and the gain in weight for that period was recorded (see
chart). Evidence that this type of diet is adequate is shown by the
experiments of Block and Farquhar4, who reared rats on mixtures
of highly purified foodstuffs and observed gains of from 4.5 to
6.0 gm. per day. The antineuritic factor, vitamin B1, was derived
from rice polishings, and was supplied in the diet by a concentrate
prepared by adsorption on Lloyd's reagent at pH 4.5 and elution
with sodium hydroxide at pH 131. The remainder of the vitamin
B complex was furnished by the daily addition of 100 to 400 mg.
of an aqueous or alcoholic extract of yeast or of liver4. Rats main-
tained on this diet for approximately 600 days appeared normal in
every way and attained the usual weights for animals of this colony;
the males weighed 500 to 600 gm. and the females 300 to 350 gm.
at the time they were killed. Three generations of rats have been
reared on this ration which is wholly deficient in vitamin C. Stain-
ing reactions applied to the adrenal glands of some of the third
generation animals indicated ample ascorbic acid.* 15, 16
In order to secure a diet of still greater purity, advantage was
taken of recent observations on the preparation of the concentrates
of vitamins B,'4 and B211, which were used in the experiments here
reported. Two preparations from rice polishings have been used as
sources of the antineuritic factors (A and B on the chart). The
first (A) was that prepared by the sodium hydroxide method',
while the second (B) was made by adsorption on Lloyd's reagent
and elution with alcoholic hydrochloric acid14. The vitamin B2
requirements of the animal were supplied by concentrates prepared
by the method previously described."
A study of the results reported in this and in the earlier paper4
brings out the fact that our attempts at further purification resulted
in a decreased rate of growth of the animals. With daily supple-
ments of 2.5 international units of alkali-eluted antineuritic factor" 3
and of 160 mg. of liver concentrate No. 343 (Lilly), the gain was
4.6 gm. per day for 30 days (Chart, A+C). When the liver
concentrate No. 343 was replaced by I mg. of a purified vitamin
* We are indebted to Dr. Margaret Dann for this observation.
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B2 preparation from fresh liver, the growth rate fell to 2.7 gm. per
day (Chart, A+D). The substitution of the Stuart-Block-Cow-
gill"4 vitamin B, concentrate for that prepared by the alkali elution
method resulted in a further decrease in the rate of growth
(1.2 gm. per day, Chart, B+D), indicating the presence of a "third
factor" in the other preparation. When this factor was supplied
by the use of the alkali-eluted B, concentrate, more rapid growth
(2.0 gm. per day, Chart, A+D) was again obtained. Similar
observations regarding the presence of a "third factor" in the
alkali-eluted preparation were obtained by the use of a vitamin B2
concentrate prepared from protein-free milk (Chart, B+E and
A+E). Sufficient evidence is not available at present to show
whether this progressive slowing of growth rate with increasing
purification of the diet is due solely to suboptimal proportions of
the factors studied or, as is probable, to the need of still other
"accessory factors." Curve 25B shows the effect of increasing the
amount of acid-eluted antineuritic vitamin to 62.5 international
units for 30 days, and curve 25B+D the result of supplying in
addition 1 mg. of vitamin B2 concentrate as in the preceding experi-
ments. It is evident that such an increase of the acid-eluted anti-
neuritic concentrate does not supply a sufficiency of the missing
factor.
Comment
It has been previously shown4 that the vitamin B, concentrate
prepared from rice polishings by the alkali elution method' is essen-
tially free from vitamin B2. Several investigators12' 18 have used
this, or similar preparations, as a source of the antineuritic factor,
supposedly free from other members of the vitamin B complex.
Zimmerman and Burack'8 fed dogs a diet similar to the one we
have employed in which the alkali-eluted concentrate supplied vita-
min B, and the "third factor." Although the diet was deficient in
vitamin B2, black-tongue was not observed; nevertheless after a
period of from 3 to 8 months, the animals died, having shown
typical ataxic and other neuropathological symptoms. Histological
investigations of the central nervous system of the animals showed
that there were marked lesions in the columns of Goll and Burdach.
The authors pointed out that these degenerative lesions were "simi-
lar to or identical with" those described in human pellagra.
We have been able to maintain rats for several months on our
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purified diet supplemented with 2.5 international units of this same
alkali-eluted antineuritic vitamin. When these animals finally suc-
cumbed, they showed the same type of lesion in the spinal cord as
that observed'8 in dogs7 on the vitamin B2 deficient ration. Since
there was no evidence of cataract, which many workers have pro-
duced in rats fed similar diets, we suggest that the lack of this
vitamin alone is not the sole factor in the production of cataract.6
Zimmerman, Cohen, and Gildea'9 reported that a patient suffer-
ing from "pellagra in association with chronic alcoholism" was
apparently cured by parenteral administration of a large dose of this
alkali-eluted vitamin concentrate. At that time this result was
attributed to the antineuritic B, vitamin in the material. In the
light of the work we are reporting, it is not unlikely that the cure
was due to the presence of the "third factor" in the concentrate.
Miller and Rhoads"2 have found that a commercial vitamin B1
concentrate prepared from rice polishings, containing relatively
little B2, is a potent source of the extrinsic anti-anemic factor. They
conclude from this experiment that previous results4 '7 indicating
the non-identity of vitamin B2 and the extrinsic factor are incon-
clusive or that, if B2 is the extrinsic factor, it must be active in
very small doses. In view of our results, it seems reasonable to
believe that the findings of Miller and Rhoads were due not to the
small amount of vitamin B2 contained in their rice polishings con-
centrate, but rather to the presence of the "third factor."
The possibility that this "third factor" plays some role in such
admittedly complicated conditions as anemia, pellagra"9, sprue2,
black-tongue, nutritional cataract, etc. is naturally suggested. One
illustration of this may be cited. In human pellagra, there are at
least three important components of the syndrome, those referable
to the central nervous system, those involving the skin, and those
characterizing the gastro-intestinal tract. It is conceivable that the
nervous lesions may be due to lack of vitamin B218 and that one or
both of the other components may be referable to a deficiency of
the "third factor." If maize should be shown to be markedly
deficient in the "third factor," this would explain in part the preva-
lence of pellagra among maize-eating peoples. If the gastro-
intestinal tract is sensitive to lack of the "third factor" and maize
contains very litde of it, this would serve also to explain the ease
with which black-tongue is produced on Goldberger's maize-rich
rations.
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Summary
Rats were fed a highly purified diet supplemented with 1 mg.
of a vitamin B2 concentrate per day. More rapid and longer-con-
tinued growth was observed when the antineuritic vitamin require-
ments were supplied by a concentrate prepared from rice polishings
by alkali extraction of the material adsorbed on Lloyd's reagent
than by the use of an equal number of units prepared by acid
extraction.
Thus, further evidence is presented that, in addition to vitamin
B1 and vitamin B2, another factor (or factors) in the vitamin B
complex is needed for the growth of the albino rat. This "third
factor" is present in rice polishings. It is adsorbed on Lloyd's
reagent and is eluted by dilute sodium hydroxide but not by
alcoholic hydrochloric acid.
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